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Abstract
Background: Corret inhaler technique is recommended by guidelines for optimum asthma care. The objective of
the study is to determine real life predictors of correct pressurized metered dose inhaler (pMDI) technique in
Asthma and COPD patients.
Methods: Two hundred eight adult patients aged 18+ from respiratory outpatients (69.2%) and the community on
regular pMDI for a diagnosis of Asthma (78.9%) or COPD, were recruited. A questionnaire containing 31 possible
predictors was administered and pMDI technique with or without spacer was observed by trained researchers on
12 point steps, of which 4 were considered critical.
Results: 23.1% of patients had no errors in inhaler technique and 32.2% had no critical errors. Patients had a
median of 10 correct steps (IQR9-11), and 3(IQR2-4) correct critical steps. Using binary logistic regression the
predictors of 10 correct steps were, other healthcare professional (pharmacist, nurse, physiotherapist) explained OR
3.73(1.63–8.54, p = 0.001), male gender 2.70(1.35–5.39, p = 0.004), self-score 1–10 1.21(1.05–1.39, p = 0.007), spacer
use 0.38(0.19–0.79, p = 0.007), inhaled steroid 3.71(1.34–10.25, p = 0.01), heart disease 0.31(0.13–0.77, p = 0.01),
pneumococcal vaccine 2.48(1.0–6.15, p = 0.043), education level 1–4 1.44(1.00–2.06, p = 0.05) and respiratory
physician explained 0–7 times, 1.11(0.99–1.26, p = 0.08). Using ordinal logistic regression, predictors for correct
critical steps 0–4, were: technique self-score 1–10 1.2(1.05–1.42, p = 0.006), inhaled corticosteroid use 2.78(1.1–7.31,
p = 0.03) and education level 1–4 1.41(1.02–1.95, p = 0.03 Times respiratory physician explained inhaler technique
0–7 1.1(0.98–1.24, p = 0.1), married status 1.55(0.85–2.82, p = 0.15), hypercholesterolaemia 0.52(0.25–1.01, p = 0.054)
and male gender 1.76(0.97–3.18, p = 0.06).
Conclusions: Known predictors of correct pMDI use, such as gender and education level were confirmed, while
age and concomitant use of dry powder inhaler were not. Pneumococcal vaccination and awareness of steroid side
effects were possible novel positive predictors, while the use of a spacer and co-morbidity with heart disease were
found to be negative predictors. Patients’ self-assessment correlated well with actual performance. This information
may be useful in defining approaches to optimize inhaler techniques which are so susceptible to human error.
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Background
Guidelines for asthma and chronic obstructive pulmon-
ary disease (COPD) recommend various treatment
strategies, which include the use of inhaler devices,
mainly pressurized metered dose inhalers (pMDI) with
or without spacer devices, or dry powdered inhalers
(DPI) [1–3]. Locally delivered small doses have the clear
advantage over larger oral doses with respect to systemic
side effects.
While guidelines are based on controlled studies on
motivated patients, in real life it has been shown that a
large proportion of patients, are unable to use their in-
haler devices properly committing a number of often
critical errors which might compromise the clinical
efficacy [4–6]. Various studies have reported that only
10–50% of patients are able to use their inhalers without
error [7]. Inadequate knowledge and training of patients,
increasing age, female gender and low education [8] have
been identified by some studies as possible causes of
poor inhaler technique [9–11].
At least two studies have clearly shown that poor in-
haler technique was associated with worsening respira-
tory symptoms [6, 7]. However this effect may be
worsened or mitigated by other covariates, such as poor
adherence to medication, smoking, the use of spacer de-
vices or the actual stepping up of medication as recom-
mended by guidelines.
Malta is an island in central Mediterranean with a
population of 425,000 [12] with a high prevalence of
asthma [13]. Separate studies from Malta reported
proper inhaler technique in adults at 13.8% and 63.5%
with 2 errors or more [14]. In another study, [15] 83% of
children performed correctly two out of the 4 critical
steps assessed. The aim of this study was to try to
identify real life predictors of inadequate inhaler tech-
nique in Asthma and COPD patients, from a large array
of possible predictors, which included aspects of asthma
care and physician contact, demographic data, co-
morbidities, vaccination history, sources of information
and training of inhaler technique.
Methods
Two hundred eight patients aged 18 and older were re-
cruited from two main sources, the asthma and respira-
tory outpatient clinics of two respiratory consultants at
Mater Dei Hospital, and community based patients from
hospital records of patients who were known to receive
prescriptions for regular inhaler medication. While hos-
pital patients were invited to participate prior to their
routine appointment while visiting hospital, the latter
were contacted by phone by 3 of the authors and invited
to attend for an outpatient visit at Mater Dei hospital. A
face to face questionnaire was administered by one of
six medical practitioners or two final year medical stu-
dents, once formal consent was obtained in writing,
prior to the hospital outpatient visit. All 8 researchers/
assistants had received prior training of how to deliver
the questionnaire but were not directly responsible for
patient care. The questionnaire which had been vali-
dated by two peer reviewers prior to the start of data
collection included various questions related to asthma
care, demographic data, co-morbidities and vaccinations,
sources of inhaler knowledge, physician contacts and
possible respiratory outcomes. The questionnaire was
carried out in the Maltese language, except for 15
English-speaking patients who used the English transla-
tion. This version had been verified by back translation.
Table 1 Inhaler Technique check-list
Step pMDI + Spacer pMDI
1 Remove the cap from the inhaler. Remove the cap from the inhaler.
2 Shake the inhaler well for 5s Shake the inhaler well for 5s.
3 Insert the inhaler into the open end of the chamber and ensure
that the inhaler fits properly.
Hold the inhaler firmly by placing your index finger on top of the canister,
and thumb on the bottom of the mouthpiece.
4 Sit up straight or stand up. Sit up straight or stand up.
5 Tilt your head back slightly. Tilt your head back slightly.
6 Exhale completely away from the spacer. Exhale completely away from the inhaler.
7 Place the mouth piece in your mouth and seal your lips tightly
around it.
Place the inhaler in your mouth and seal your lips tightly around it.
8 Press the inhaler and breathe in steadily and deeply. Press the inhaler and breathe in steadily and deeply.
9 Remove spacer from the mouth. Remove the inhaler from the mouth.
10 Hold your breath for 10s or as long as is comfortable. Hold your breath for 10s or as long as is comfortable.
11 Exhale slowly. Exhale slowly.
12 Remove the inhaler from the chamber and replace covers. Replace cap on inhaler.
Critical steps are shown in bold
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The patient was than directly observed by the inter-
viewer using the inhaler device. All interviewers received
prior instruction and scored the performance on a check
list. A 12 point checklist was used for metered dose in-
haler with or without spacer use adapted from the
American Thoracic Society [16], adding the manufac-
turers’ advice to keep the head straight. The choice of
critical steps was a selection from those recommended
by Newman [17]. The first assessments of technique by
an interviewer were observed by one of the first two au-
thors of the study. Table 1 shows the relative check list.
Errors numbered 2, 6, 8 and 10 were considered to be
critical errors.
The study was approved by the Mater Dei Hospital
Data Protection Committee on 26th November 2014.
Each participant gave written formal consent.
Statistical methods
Two criteria for inhaler technique were tested. The first
one was the comparison of the characteristics of patients
who completed 10 correct steps out of a total of 12
(representing the median value of correct steps, 63.9% of
patients) with those completing 9 or less, and a second
criterion comparing patients with no critical errors out
of a total of four (32.2%) with those having at least one
critical error. The latter criterion isclearly more stringent
and the desired optimal performance.
Three separate methods were used to statistically es-
tablish predictors of correct inhaler technique for all 12
steps and the 4 critical steps.
A univariate analysis of each of the 31 predictors com-
paring the characteristics of those with 10 or more
correct steps out of 12 with those with < 10, and another
comparing patients with no critical errors with patients
with at least one critical error was performed. Compari-
son of proportions was carried out with Fisher test,
while comparison of baseline characteristics with mean
and standard deviation was performed using t tests. To
determine independent odds ratios for the 31 predictors
for a positive response to each of the two criteria two
separate multivariate binary logistic regression models
were used. A third model for predictors on no errors (0/
12) was also tested. Predictors with a p value >0.15 were
filtered and removed from the model using stepwise
regression.
In an effort to eliminate the effect of previously un-
tested cut-off points for the satisfactory number of cor-
rect steps another two models using ordinal logistic
regression with all 31 predictors were used to determine
odd ratios of predictors of the number of correct steps
0–12 and the number of critical steps 0–4 of inhaler
technique. The correlation between self-assessment of
technique 1–10 and the total number of correct steps
0–12 was tested using both Spearman and Pearson’s
methods. Minitab 17 software was used
Results
The patients included in this study were on regular
treatment for asthma (79%) or COPD and were
using a pMDI. The patient characteristics are shown
in Table 2. Inhaled corticosteroid (87%) and/or in-
haled ipratropium (18.3%) treatment was provided
via pressurized metered dose inhaler. Long acting
Beta agonists (32.7%) were delivered via formoterol
aerolizer.
Despite the fact that 89.9% of these patients had regu-
lar follow up with either a respiratory physician (69.2%)
or a general practitioner (41.8%), only 23% of patients
had no errors in inhaler technique and 32.2% no critical
errors as demonstrated in Fig. 1
The 3 steps with the highest error rate were all critical
steps, Step 2 (34.6%) ‘shake the inhaler well for 5 s’, step
6 (46.2%) ‘exhale completely away from the inhaler/spa-
cer’ and step 10 (40.9%) ‘hold your breath for 10 s or as
long as is comfortable”, as seen in Fig. 2.
A respiratory physician had explained the technique to
89.9% of patients a mean of 3.37 (SD2.7) times, a general
practitioner to 50% of patients 1.43 (SD2.2) times. Only
28.9% had received advice from another health care
professional, while 41.4% had sought other sources of in-
formation in the written (34%) or electronic media
(23%). Figure 3 shows the distribution of correct number
of steps. However the median of 10(IQR9-11) correct
steps out of 12, and 3(IQR2-4) out of 4 correct critical
steps indicates that most patients were getting at least 9
steps right.
On univariate analysis, male gender (p = 0.04),, higher
level of education on a 1–4 scale (p = 0.014), patient self-
rating of technique on a scale of 1–10 (p = 0.025), use of in-
haled corticosteroids (p = 0.05), advice by other health care
professional (p = 0.001) were higher in patients with 10 or
more good steps. On the other handuse of spacer (p = 0.05)
and the presence of heart disease (p = 0.005) were less
frequent in this group. Instruction of inhaler technique by
respiratory physicians (p = 0.98) or by general practitioners
(p = 0.94) did not have a significant effect on the perform-
ance of 10 or more correct steps.
On the other hand, none of the personal characteris-
tics above were more frequent amongst patients with no
critical errors. Table 3 shows the results of binary logis-
tic regression and stepwise selection predicting either 10
good steps, no critical error and no errors at all. It estab-
lished 8 predictors for the ability to perform 10 steps;
odd ratios of predictors of 10 good steps were highest
for explanation by other health care professional OR3.73
(1.63–8.54, p = 0.001), male gender 2.70 (1.35–5.39, p =
0.004), patient education level 1.44 (1.0–2.06, p = 0.045)
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self-rating score for inhaler use 1.21 (1.05–1.39, p =
0.007), use of inhaled corticosteroid 3.71 (1.34–10.25, p =
0.01), and pneumococcal vaccination 2.48(1.00–6.15, p =
0.043). Usage of a spacer device 0.38(0.19–0.79, p = 0.007)
and heart disease 0.31(0.13–0.77, p = 0.011) were negative
predictors As regards to predictors for no critical errors,
none of the 31 reached statistical significance. While only
explanation by a respiratory physician predicted absolutely
zero error. Table 4 shows a separate analysis using ordinal
logistic regression which confirmed that besides the same
predictors of 10 positive steps, another predictor for a
correct step was explanation by the GP OR 3.3(1.35–8.09,
p = 0.009). Predictors for correct critical steps, were tech-
nique self-score 1.2(1.05–1.36, p = 0.006), inhaled cortico-
steroid 2.78(1.1–7.02, p = 0.03) and education level
1.41(1.02–1.95, p = 0.036). 4 predictors just failed to reach
statistical significance, male gender 1.76(0.97–3.18, p =
0.06), times respiratory physician explained inhaler
Table 2 Characteristics of patients using regular metered dose inhalers, and univariate comparison of 10 correct steps vs 3 errors or
more, and no critical error vs critical errors
All 10–12 steps <10steps P value No critical error critical error P value
All 208 133(63.9%) 75(36.1%) 67(32.2%) 141(67.8%)
Male gender 97(46.6%) 69(51.9%) 28(37.7%) 0.04 31(46.3%) 66(46.8%) 0.94
Mean age(STD) 57.6(15.4) 57(14.5) 58.6(16.9) 0.45 57.6(12.5) 57.6(16.6) 0.99
Asthma diagnosis 164(78.9%) 110(82.7%) 54(72.0%) 0.08 57(85.1%) 107(75.9%) 0.11
Advised to use spacer 170(81.7%) 109(82%) 61(81.3%) 0.91 56(83.6%) 114(80.9%) 0.626
Observed to use spacer 132(63.5%) 78(58.6%) 54(72%) 0.05 38(56.7%) 94(66.7%) 0.17
Inhaled corticosteroids 180(86.6%) 120(90.2%) 60(80%) 0.05 59(88.1%) 121(85.8%) 0.65
LABA via aerolizer 68(32.7%) 43(32.3%) 25(33.3%) 0.88 19(28.4%) 49(34.8%) 0.35
Inhaled ipratropium bromide 38(18.3%) 21(15.8%) 17(22.7%) 0.24 30(21.3%) 8(11.9%) 0.12
Mean education 1–4 (STD) 2.09(0.98) 2.21(1.03) 1.88(0.85) 0.014 2.24(1.0) 2.02(0.97) 0.14
Married status 136(65.4%) 92(69.2%) 44(58.7%) 0.13 48(71.6%) 88(62.4%) 0.18
Smoker Y/N 24(11.5%) 13(9.8%) 11(14.7%) 0.31 7(10.4%) 17(12.1%) 0.72
Resp physician Follow up 144(69.2%) 92(69.2%) 52(69.3%) 0.98 43(64.2%) 101(71.6%) 0.26
Resp physician explained Y/N 185(88.9%) 118(88.7%) 67(89.3%) 0.89 63(94%) 122(86.5%) 0.06
Resp explained – number of times 1–7 3.37(2.8) 4(2.70) 3.37(2.62) 0.16 3.9(2.64) 3.74(2.71) 0.28
Resp physician time to explain 1–5 1.81(1.37) 1.91(1.46) 1.63(1.18) 0.13 1.85(1.38) 1.78(1.37) 0.76
GP follow up 87(41.8%) 54(40.6%) 33(44%) 0.94 27(40.3%) 60(42.6%) 0.8
GP explained Y/N 104(50%) 69(51.9%) 35(46.7%) 0.47 32(47.8%) 72(51.1% 0.66
GP explained times 0–7 1.43(2.19) 1.40(2.12) 1.48(3.27) 0.8 1.36(2.12) 1.46(2.22) 0.75
GP time to explain(0–5) 0.97(1.25) 1(1.27) 0.92(1.23) 0.66 0.96(1.33) 0.98(1.22) 0.9
Any follow up 187(89.9%) 119(89.5%) 68(90.7%) 0.78 59(88.1%) 128(90.8%) 0.56
Other health care professional explained 60(28.9%) 48(36.1%) 12(16%) 0.001 21(31.3%) 39(27.7%) 0.59
Info-other source 86(41.4%) 56(42.1%) 30(40%) 0.77 31(46.3%) 55(39%) 0.37
Years of inhaler use (decades) 1.88(1.59) 2.02(1.58) 1.62(1.58) 0.08 2.01(1.46) 1.82(1.65) 0.4
Technique self-score 0–10 7.8(2.25) 8.06(2.02) 7.28(2.56) 0.025 7.96(2.21) 7.7(2.28) 0.434
Perception as effective 1–5 2.45(0.8) 2.4(0.735) 2.48(0.84) 0.47 2.4(0.74) 2.48 0.47
Ease of use 1–5 (SD) 3.1(1.0) 3.15(0.97) 2.97(0.99) 0.21 3.12(0.95) 3.07(1.0) 0.74
Concern inhaler side effects 0/1 44(21.2%) 30(22.6%) 14(18.7%) 0.6 19(28.4%) 25(17.7%) 0.09
Diabetes 34(16.35%) 20(15%) 14(18.7%) 0.51 12(17.9%) 22(15.6%) 0.68
Cholesterol 59(28.4%) 33(24.8%) 26(34.7%) 0.14 16(23.9%) 43(30.5%) 0.31
Hypertension 93(44.71%) 56(42.1%) 37(49.3%) 0.32 30(44.8%) 63(44.7%) 0.99
Heart disease 34(16.4%) 14(10.5%) 20(26.7%) 0.005 7(10.4%) 27(19.1%) 0.08
Influenza vaccine (current) 121(58.2%) 44(57.9%) 77(58.7%) 0.91 36(53.7%) 85(60.3%) 0.38
Pneumococcal vaccine 40(19.23%) 30(22.6%) 10(13.3%) 0.08 13(19.4%) 27(19.1%) 0.97
(p <0.1 shown in bold)
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technique 1.1(0.98–1.24, p = 0.1), married status
1.55(0.85–2.82, p = 0.15) andhypercholesterolaemia 0.52
(0.26–1.01, p = 0.054). Concomitant use of aerolizer was
not an independent predictor for correct number of steps
OR 0.7(0.4–1.26, p = 0.239) and OR0.81(0.45–1.47, p =
0.5) for critical steps.
Pearson correlation between self-score and total num-
ber of correct steps was 0.224 (p = 0.001) and spearman
was 0.184 (p = 0.008).
Discussion
The study population represented a number of patients
on regular inhaled treatment which were mixed between
hospital outpatients, and the general community with only
11% without regular follow-up. In Malta, asthma medica-
tion is prescribed free of charge however choice of medica-
tion is limited to the government formulary. Inhaled
corticosteroid and ipratropium during the study period
were available via pmdi with or without a spacer device
while LABAs were provided via aerolizer. All patients had
received instruction on use, mainly from the respiratory
physician, and/or the general practitioner or other health
care professional. Despite this only 23.1% performed all 12
steps correctly, and 32.2% all 4 critical steps correctly,
though most patients had 9 or more correct steps as seen
in Fig. 3. This is slightly higher from previous Maltese data
which was only hospital based [14] but consistent with
higher values of international data [6, 7, 9, 18–20].
Fig. 1 Percentage of patients having errors in pMDI inhaler technique. (n = 208)
Fig. 2 Percentage number of patients with correct steps per step (n = 208). (Lower half of column indicates percentage participants performing
step correctly, dark grey for non-critical steps, diagonal shading indicates critical steps)
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Fig. 3 Number of correct steps of inhaler technique. (Median and interquartile range shown at the bottom. Asterisks are outlier values)
Table 3 Odd ratios for predictors of inhaler technique by binary logistic regression and stepwise selection
(grey numbers p > 0.05)
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Unfortunately the list of correct steps varies greatly be-
tween studies, the most recent being from the American
Thoracic Society [16], from which our criteria have been
adapted together with the manufacturers’ advice to keep
the head straight. The choice of critical steps was a se-
lection from those recommended by Newman [17].
Three different statistical analyses were carried out,
but while the results were slightly different, they were
consistent, with the ordinal logistic regression model
having produced the strongest statistical significance., As
interdependent variables could have have affected the
mathematical models differently, resulting in variations
in the odds ratios and p values between models all re-
sults are presented, rather than selecting only those with
the strongest statistical significance. Analysis of comple-
tion of all 12 steps by binary logistic regression resulted
in only one predictor, probably because only a few pa-
tients managed achieve this goal.
As 90% of subjects had received a demonstration by a
respiratory physician, the main predictor appeared to be
the number of demonstrations, while as fewer patients
had demonstrations by family doctors or other health
care professionals the statistical effect of that benefit was
clearer. However an explanation by a respiratory phys-
ician was the only predictor for no errors at all. There
seemed to be no benefit in this group for other informa-
tion from written or electronic media.
Of interest is how instruction by other health care
professional and general practitioner was a predictor of
performing the 10 steps correctly. On the contrary,
critical steps were better predicted by respiratory phys-
ician intervention, in particular the number of times
explained. From univariate analysis it appeared that in
the local context respiratory physicians are spending
nearly twice as much time to explain than general
practitioners.
As most had regular physician contact, most predic-
tors were individual characteristics. The best predictor
in fact was the patient’s own evaluation as had been sug-
gested by Erikson [18], and the patient’s level of educa-
tion, a consistent predictor in a number of studies [9].
Male gender was a stronger predictor of the 10 correct
of steps, and weaker for critical steps. Men have been re-
ported to have better hand to eye coordination [21] and
spatial three dimensional ability than women [22]. On
the other hand, a possible reason why the effect is
weaker with critical steps might be that the accuracy and
performance of critical steps depends on a sound under-
standing of the process and one can speculate that it is
the result of a personal motivation to look after one’s
health which may beseparate from simple co-ordination
[23]. When considering hand to eye coordination and
surgical skills amongst surgical trainees Ali et al reported
that without instructor feedback, males outperform fe-
males, whereas females and males performed equally
with instructor feedback [21]. Furthermore after correc-
tion for computer game participation there seemed to be
no difference between genders [21].
Patients with asthma receiving inhaled corticosteroids
were also more likely to perform more correct steps.
This effect cannot be attributed to age but one possible
reason, is the strong element of reversibility of airway
obstruction when compared to COPD which could re-
inforce motivation to use the inhaler properly. On the
other hand COPD patients may have constant exercise
limitation and difficulty with breathing affecting inhaler
technique as suggested by Al-showair [24].
While 81.7% of patients were prescribed a spacer, only
63.5% were using it. This was already noted in the local
context [14]. Spacer use was a negative predictor for
both correct steps, and correct critical steps. One can
speculate a number of possible explanations in that doc-
tors were more likely to prescribe spacers to patients
with poor technique as is recommended by guidelines,
or else patients with poor technique because of symp-
toms were more likely to use it. Furthermore because of
its cumbersome size patients with good technique and
Table 4 Predictors of correct steps of inhaler technique
using ordinal logistic regression for all steps 0–12 and critical
steps 0–4
Predictor of correct steps (0–12) Odds ratio Lo95 Up95 p value
Self score 1–10 1.25 1.1 1.42 0.001
Education 1–4 1.6 1.16 2.2 0.004
Observed to use spacer 0.43 0.24 0.8 0.008
GP explained 3.3 1.35 8.09 0.009
Male gender 2.07 1.15 3.71 0.015
Pneumococcal vaccine 2.36 1.14 4.86 0.02
Heart disease 0.43 0.2 0.9 0.026
Inhaled steroid use 2.45 0.98 6.1 0.054
Resp explained number of times 1.11 0.99 1.25 0.068
Any follow up 0.38 0.12 1.22 0.104
High cholesterol 0.58 0.3 1.12 0.104
Times explained by GP 0.88 0.74 1.04 0.126
Other healthcare-explained 1.55 0.86 2.8 0.147
Predictor of correct critical steps Odds Ratio Lo95 Up95 p value
Self score 1–10 1.2 1.05 1.36 0.006
Inhaled steroid use 2.78 1.1 7.02 0.031
Education 1–4 1.41 1.02 1.95 0.036
High cholesterol 0.52 0.26 1.01 0.054
Male gender 1.76 0.97 3.18 0.063
Resp explained number of times 1.1 0.98 1.24 0.101
Observed to use spacer 0.62 0.33 1.15 0.129
Married status 1.55 0.85 2.82 0.15
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few symptoms might have actually decided not to use it,
or else the spacer itself might have lulled some patients
into a false sense of security who might become compla-
cent with the accuracy of technique.
Fear of side effects of inhalers was another possible
predictor which perhaps might be leading to patients be-
ing more careful with inhalers and avoiding critical er-
rors. While it has been suggested that perceptions and
misconceptions may have an effect on adherence to
medication [25], we were unable to find any study on
the effect on inhaler technique.
Contrary to other studies [9], concomitant use of an-
other device, in this case the aerolizer, did not have a
statistically significant effect even though the aerolizer
requires a short sharp inhalation, which is quite different
to pMDI technique. However one must note that step 8
had an error rate of 18.7%. Perhaps as it is just one of 12
steps, the number of patients was not large enough to
detect the effect.
During the study period, pneumococcal vaccine was
not free of charge and had to be purchased, and this
could explain that as a predictor it probably reflected a
stronger motivation to look after oneself [23]. On the
other hand the influenza vaccine is provided free of
charge, and perhaps that could explain why it was not as
good a proxy predictor for motivation.
The occurrence of heart disease and possibly hyper-
cholesterolaemia as negative predictors of inhaler
technique has not been previously reported. A refer-
ence to this effect could not be located and perhaps
this might be something particular to the small sam-
ple studied. However one can speculate two possible
reasons, one of which is that in cardiac disease, treat-
ment is by one day curative procedures such as dila-
tation with stent insertion, and prevention by oral
drugs leading patients to be unaccustomed or com-
placent about the critical importance of inhaler tech-
nique. Another reason could be that cardiac patients
might be less keen on the use of inhalers because of
their possible cardiac side effects such as palpitations
or else attributing their symptoms to cardiac rather
than respiratory disease.
Married status seems to be a possible positive pre-
dictor of performing critical steps correctly, just failing
to reach statistical significance. While partner support in
chronic disease is clearly beneficial [26] the benefit of
training the partner as an independent observer on
inhaler technique to date has not been studied or
documented.
The strengths of this study were that there was a mix
of hospital based patients seen regularly by respiratory
physicians and community patients seen mainly by gen-
eral practitioners all using a limited set of medications
and all receiving a pMDI, allowing focus on the cheapest
and most widely used mode of treatment. The extensive
number of predictors tested, and the high number of
total or critical steps and the fact that the steps were
based on evidence from scientific literature allowed a
broad analysis of pMDI technique. The main weakness
was that inhaler technique was assessed by human ob-
servers rather than video camera, or flow instruments
possibly leading to possible inaccurate assessment and
inter observer bias. Community patients selected on the
basis of records of regular use of medication who re-
fused the invitation might have been one side poorly
motivated or otherwise well controlled due to optimal
technique leading to a degree of selection bias. The
number of COPD patients was small and under-
represented. Furthermore the number of patients re-
ceiving aerolizer was insufficient to allow a separate
evaluation.
Despite the small sample size, a Signiant number of pre-
dictors were detected. This reinforces the view that these
predictors, have a strong clinical effect which is easily
measurable. It is possible that a larger sample could have
detected more predictors which possibly have lesser im-
pact. However while the results are similar to other stud-
ies they are not necessarily totally generalizable to other
health care systems or different populations with different
cultures and attitudes towards disease. In a scenario where
patients are seen frequently and their technique routinely
reviewed what are the options to improve technique? This
has been addressed by Price et al on behalf of the “Inhaler
error steering committee” [5]. Many times, errors might
arise because many health care professionals provid-
ing instruction are not aware themselves of all the
correct steps and possible mistakes. This is the likely
explanation as to why the respiratory physician could
have had greater impact on critical steps. This can be
addressed by specific training courses for healthcare
professionals on whom most patients rely for infor-
mation rather than printed or electronic media. While
patient knowledge and competence also needs to be
addressed, the mode of instruction may also need to
be clearly communicated to the less educated patients
with visual demonstration in real life or video demon-
stration [27] and perhaps allocating more time. While
one study failed to show any benefit in technique
from increased specific knowledge [9], in the experi-
ence of the authors, patients who understand the me-
chanics of inhaler technique are more likely to learn.
Studies on whether patients would benefit from a
switch to dry powder inhaler have been conflicting [4].
Indeed an inhaler switch without consultation was asso-
ciated with worsened asthma control however there is
evidence that shows that a patient is more likely to use
an inhaler he or she prefers [4, 28]. This individual ap-
proach is supported by BTS guidelines [1]. The option of
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providing a spacer does contribute to better bioavailability
even with imperfect technique and is recommended for
patients with poor co-ordination, besides those on high
dose inhaler steroids so as to reduce throat deposition
[29]. Chapman et al have recommended a specific algo-
rithm for the choice of inhaler [30].
Finally perhaps there is room for improved technology,
perhaps with new inhalers with smaller particle size, and
simpler use and design which could make the airway de-
livery of medicinals by inhaler devices more reliable and
less operator dependent [5, 28, 31].
Conclusion
This real life study showed that in this group of patients
treated with pMDI, with regular follow up and instruc-
tion, while most achieved nine out of 12 correct steps,
only 23% had no errors in technique. While previously
established predictors like gender, patient education and
instruction by health care professional were confirmed,
the effect of age and negative effect of use of different
inhaler devices was not. This study also provides novel
information on predictors of inhaler technique. Seeking
pneumococcal vaccination and awareness of steroid side
effects predicted fewer critical errors, possibly reflecting
a motivation to look after oneself [23]. Use of a spacer
was a negative predictor of good technique, possibly be-
cause doctors are more likely to prescribe it in patients
with poor technique, and patients are more likely to
utilize it when they have insight into their short-
comings. In fact, patient self-assessment was statistically
correlated with actual performance. Surprisingly co-
morbidity with heart disease was a negative predictor
possibly reflecting a dependence on prevention in tablet
form and single procedure cures.
Intense follow-up of patients failed to produce optimal
results, indicating that most predictors of good pMDI
technique are patient dependent possibly reflecting
attitudes which may be modified. Two different strat-
egies may be possible to achieve better results in inhaler
technique. One can either attempt to optimize and
individualize the educational intervention on patients, or
rely on technological advances of inhaler devices making
them easier to use and more forgiving of human error.
Additional files
Additional file 1: Dataset. (XLSX 56 kb)
Additional file 2: Questionnaire. (PDF 157 kb)
Abbreviations
COPD: Chronic obstructive pulmonary disease; DPI: Dry powder inhaler;
PMDI: Pressurized metered dose inhaler
Acknowledgements
All work was performed by the authors.
Funding
Authors did not receive any funding apart from their normal work
remuneration at Mater Dei Hospital. Dr Martin Balzan was the medical writer
and he did not receive any additional funding.
Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article and its Additional files 1 and 2.
Authors’ contributions
KB conceived of the study, participated in its design and helped to draft the
manuscript. MB conceived of the study, participated in its design, performed
statistical analysis and drafted the manuscript. ELS participated in acquisition
of data and helped to draft the manuscript. RA participated in acquisition of
data and helped to draft the manuscript. DMB participated in acquisition of
data and helped to draft the manuscript. MPB participated in acquisition of
data and helped to draft the manuscript. SM participated in its design and
helped to draft the manuscript. All authors read and approved the final
manuscript.
Competing interests
The authors report no conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study was approved by the Mater Dei Hospital Data Protection
Committee on 26th November 2014. Each participant gave written formal
consent. The need for ethics approval was waived.
Received: 4 May 2016 Accepted: 15 February 2017
References
1. British Thoracic Society; Scottish Intercollegiate Guidelines Network. British
guideline on the management of asthma; 2014
2. GOLD. Global strategy for the diagnosis and management, and prevention
of chronic obstructive lung disease. 2015. p. 21
3. GINA. Global strategy for Asthma management and Prevention. 2015.
4. Haughney J, Price D, Barnes NC, Virchow JC, Roche N, Chrystyn H. Choosing
Inhaler Devices for People with Asthma. Respir Med. 2010;104:1237–45.
5. Price D, Bosnic-Antitevich S, Briggs A, Chrystyn H, Rand C, Sheuch G, et al.
Inhaler competence in asthma: Common errors, barriers to use and
recommended. Respir Med. 2013;107:37–46.
6. Molimard M, Le Gros V. Impact of Patient-Related Factors on Asthma
Control. J Asthma. 2008;45:109–13.
7. Melani AS, Bonavia M, Cilenti V, Cinti C. Inhaler mishandling remains
common in real life. Respir Med. 2011;105:930–8.
8. Williams M, Baker D, Honig E, Lee T, Nowlan A. Inadequate literacy is a
barrier to asthma knowledge and self care. Chest. 1998;114:1008–15.
9. Rootmensen GNM, Van Keimpema ARJ, Jansen HM, De Haan RJ. Predictors
of Incorrect Inhalation Technique in Patients. J Aerosol Med Pulm Drug
Deliv. 2010;23(5):1–6.
10. Goodman D, Israel E, Rosenberg M, Johnston R, Weiss S. The influence of
age, diagnosis, and gender. Am J Respir Crit. 1994;150(1):1256–61.
11. Hesselink A, Penninx B, Wijnhoven H, Kriegsman D. Determinants of an
incorrect inhalation technique in patients with asthma or COPD. Scand J
Prim. 2001;19:255–60.
12. Malta National Statistics Office. Demographic review of the Maltese islands
2013. 2015. http://www.nso.gov.mt. Accessed 14 Oct 2015.
13. Balzan M, Bonnici J. High prevalence rates of asthma-related symptoms in
the Mediterranean island of Malta. Eur Respir J. 2002;20 Suppl 38:318s.
14. Micallef LA. A review of the metered dose inhaler technique in asthmatic
and COPD patients. Malta Med J. 2015;27(01):22–8.
15. Vella C, Grech V. Assessment of use of spacer devices for inhaled
drug delivery to asthmatic children. Pediatr Allergy Immunol.
2005;16:258–61.
16. American Thoracic Society. Using Your Metered Dose inhaler, Patient
Information series. Am J Respir Crit Care Med. 2014;190:5–6.
Bartolo et al. BMC Pulmonary Medicine  (2017) 17:47 Page 9 of 10
17. Newman S. Inhaler treatment options in COPD. Eur Respir Rev.
2005;14(96):102–8.
18. Erickson S, Horton A, Kirking D. Assessing metered-dose inhaler technique:
comparison of observation vs. patient self report. J Asthma. 1998;35(7):
575-83.
19. Loh L, Teng C, Teh P, Koh C, Vijayasingham P, Thayaparan T. Metered-Dose
Inhaler Technique in Asthmatic Patients- A Revisit of the Malaysian Scene.
Med J Malaysia; 2004;59:335–341.
20. Roth B. Back to the Future: Using Inhalers Correctly. Respir Care. 2008;
314–315:53(3).
21. Ali A, Subhi Y, Ringsted C. Gender differences in the acquisition of surgical
skills:a systematic review. Surg Endosc. 2015;29:3065–73.
22. Jones CM, Braithwaite VA, Healy SD. The Evolution of Sex Differences in
Spatial Ability. Behav Neurosci. 2003;117(3):403–11.
23. Ovchinikova L, Smith L, Bosnic-Anticevich S. Inhaler technique maintenance:
gaining an understanding from the patient’s perspective. J Asthma. 2011;
48(6):616–24.
24. Al-Showaira R, Tarsina W, Assi KH, Pearsonb S. Can all patients with COPD
use the correct inhalation flow with all inhalers and does training help?
Respir Med. 2007;101:2395–401.
25. Boulet LP. Perception of the Role and Potential Side Effects of
Inhaled Corticosteroids Among Asthmatic Patients. Chest.
1998;113(3):587–92.
26. Baanders AN, Heijmans MJ. The impact of chronic diseases: the partner’s
perspective. Fam Community Health. 2007;30(4):305–17.
27. Bosnic-Anticevich S, Sinha H, So SRH. Metered-dose inhaler technique: the
effect of two educational interventions delivered in community pharmacy
over time. J Asthma. 2010;47(3):251–6.
28. Lavorini F. The Challenge of Delivering Therapeutic Aerosols to Asthma
Patients. ISRN Allergy. 2013;2013(1–17):102418.
29. Lavorini F, Fontana GA. Targeting drugs to the airways: The role of spacer
devices. Exp opin Drug Deliv. 2009;6(1):91–102.
30. Chapman KR, Voshaar TH, Virchow J. Inhaler choice in primary care. Eur
Respir Rev. 2005;96:117–22.
31. Leiner S, Parkins D, Lastow O. Inhalation Devices and Patient Interface:
Human Factors. AAPS J. 2015;17(2):457–61.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Bartolo et al. BMC Pulmonary Medicine  (2017) 17:47 Page 10 of 10
